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Description 

The present invention relates to an uneven-surface detection apparatus, particularly but not exclusively 
to such apparatus for detecting fingerprints and the like in a personal identification apparatus. 

5 In the high-tech information world of today, a strong demand has recently arisen for better computer 

system security techniques. In particular, in order to protect data confidentiality a reliable identification must 
be made of personnel in charge of such systems, and thus strict checks on entrance to a computer room 
have become very important. In the past, passwords and ID cards have been used and now personal 
identification systems using fingerprints are in increasing use. 

10 In a conventional method for inputting uneven-surface data (e.g., fingerprint), a fingerprint is printed on 
paper using ink and is then sensed using an image sensor. In another method, a light beam is incident on a 
glass/air interface at a critical angle or more and an uneven -surface pattern is thus instantaneously obtained. 

In the former method, a finger must be stained with ink each time the fingerprint data is to be input, and 
an uneven coating or blurring of the ink makes the input operation difficult. 

is In a proposed uneven-surface data detection apparatus using a prism, a finger surface (uneven-surface 
pattern having projections (convexes) and recesses (concaves)) is pressed against an oblique side portion 
of the prism, and illumination light is incident on the oblique side portion thereof at a critical angle or larger. 
The incident light is scattered by projections and is totally reflected by the glass/air interface in recesses, 
and is then incident on a detector (e.g. an imaging element), thereby allowing detection of the uneven- 

20 surface pattern. 

However, light leaks through the unclean oblique surface due to remaining fingerprints or moisture, and 
this light leakage irradiates the concave portion of the fingerprint and is scattered. Therefore, the level of 
signal light from the convex portion is lowered, thus degrading the contrast of the uneven-surface pattern. 
Since a prism is used, the total thickness of the apparatus cannot be reduced. More specifically, if the 
25 uneven-surface pattern of the entire palm is to be detected, a large prism must be used, resulting in a bulky 
apparatus. In addition, the resultant image may be distorted to a trapezoid shape due to a difference in 
optical path length from the surface of the palm to the detector. 

EP-A-0 045 916 discloses a fingerprint detection apparatus according to the preamble of accompanying 
claim 1. The contact portion, onto which a finger is pressed, is made of elastic material, so that the latter 
30 adopts a pattern corresponding to the projections and recesses (ridges and troughs) of the fingerprint. 
Incident light is reflected from the contact portion and spatially modulated by this pattern, and is directly 
detected to produce an image of the fingerprint. 

US-A-4 003 656 discloses a fingerprint detection apparatus in which light incident on a ridge of the 
fingerprint is reflected along a different path from light incident on a trough. 
35 These prior art proposals have the drawback that spatial separation of reflected light from projections 
and recesses is inadequate, making a clear image difficult to obtain. 

According to the present invention, there is provided an uneven-surface data detection apparatus, 
comprising:- 

a transparent plate having a first surface including a contact portion against which an uneven surface 
40 having recesses and projections is to be pressed, and a second surface opposite the first surface; a light 
source for illuminating said uneven surface at said contact portion through said transparent plate; and an 
optical element for guiding the light scattered by said uneven surface to a light detector; 

characterised in that:- 

in use, said contact portion is illuminated with light at an illumination angle smaller than a critical angle 
45 so as not to totally reflect the light incident on said contact portion from said light source, whereby part of 
• the light scattered at the projections of said uneven surface undergoes total internal reflection at least once 
at said second surface of said plate so as to propagate in a direction towards the optical element, whereas 
due to the existence of a gap between the recesses and said contact portion, light reflected at the recesses 
does not undergo such total internal reflection, whereby the two types of reflected light are spatially 
so separated, said optical element being arranged to guide only light reflected at the projections to the 
detector. 

A development of the present invention provides a personal verification system employing such an 
apparatus together with data verification means, a data verification dictionary, and living-body determining 
means. 

55 Reference is made, by way of example, to the accompanying drawings in which :- 
Fig. 1 is an illustration for explaining a principle of the present invention; 

Fig. 2 is a side view showing an uneven-surface data detection apparatus according to a basic principle 
of the present invention; 
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Fig. 3 is a side view showing an embodiment of the present invention; 
Fig. 4 is a side view showing another embodiment of the present invention; 

Fig. 5 is an illustration for explaining the influence of a residual lipidic component on a transparent base; 
Fig. 6 is a graph showing the dependency of contrast on an illumination angle; 
5 Fig. 7 is an illustration showing an arrangement of still another embodiment of the present invention; 

Fig. 8 is a graph showing the relationship between an optical path length, a height/width ratio of an 
obtained image, and an astigmatic difference; 

Fig. 9 is an illustration showing an arrangement not in accordance with the present invention; 
Fig. 10 is an illustration showing an arrangement according to still another embodiment of the present 
70 invention; 

Fig. 11 is an illustration for explaining a method of preparing a hologram in the embodiment shown in 
Fig. 10; 

Fig. 12 is an illustration showing an arrangement according to still another embodiment of the present 
invention; 

75 Fig. 13 is an illustration for explaining a method of preparing a hologram in the embodiment shown in 
Fig. 12; 

Fig. 14 is an illustration for explaining the influence of a residual lipidic component on a transparent base; 
Fig. 15 is an illustration showing an arrangement according to still another embodiment of the present 
invention; 

20 Fig. 16 is an illustration showing an arrangement according to still another embodiment of the present 
invention; 

Fig. 17 is an illustration for explaining the operation of the embodiment shown in Rg. 16; 

Fig. 18 is an illustration showing an arrangement according to still another embodiment of the present 

invention; 

25 Fig. 19 is an illustration for explaining the operation of the embodiment shown in Fig. 18; 
Fig. 20 is an illustration for explaining a detected seal pattern; 
Fig. 21 is a graph showing a spectral reflectance of human skin; 

Fig. 22 is a block diagram showing a personal identification apparatus according to the present invention; 
Fig. 23 is a plan view of a bio-detection optical system for the apparatus shown in Fig. 22; 
30 Fig. 24 is a circuit diagram of a bio-detection means in Fig. 23; 

Fig. 25 is an illustration for explaining causes of aberrations in a hologram; 

Fig. 26 is an illustration for explaining a method of preparing a hologram and of reconstructing an image 
in an uneven-surface data detection apparatus embodying the present invention; 
Fig. 27 is an illustration for explaining causes of aberrations in the uneven-surface detection apparatus; 
35 Fig. 28 is an illustration showing an arrangement according to still another embodiment of the present 
invention; 

Fig. 29 is an illustration for explaining the operation of the embodiment shown in Fig. 28; 

Fig. 30 is an illustration showing an arrangement according to still another embodiment of the present 

invention; 

40 Fig. 31 is an illustration for explaining the operation of the embodiment shown in Fig. 30; 

Fig. 32 is a plan view showing an optical path from an uneven-surface data input section; 

Fig. 33 is an illustration for explaining a principle of still another embodiment of the present invention; 

Fig. 34 is an illustration showing an arrangement of the embodiment shown in Fig. 33; 

Fig. 35 is an illustration for explaining a principle of still another embodiment of the present invention; 
45 Fig. 36 is an illustration showing an arrangement according to still another embodiment of the present 

invention; 

Fig. 37 is an illustration showing an embodiment improved over the embodiment of Fig. 36; 
Fig. 38 is an illustration for explaining a laser optical path of an uneven-surface data detection apparatus 
embodying the present invention; and 
so Fig. 39 is a block diagram of a proposed personal identification system. 

A basic principle of an uneven-surface data detection apparatus according to the present invention will 
now be described with reference to Fig. 1. A human finger 101 is pressed against a transparent base 100 
(e.g., glass). In Fig. 1, projections (convexes) 102 and recesses (concaves) 103, which constitute a 
fingerprint of the finger 101, are emphasized. As can be seen from the drawing, the convex 102 is in 
55 contact with the glass surface, while the concave 1 03 is separated away from the glass surface so that an 
air layer is formed between the concave 103 and the glass surface. Light is vertically radiated onto the 
transparent base 100 from the lower surface side thereof, as indicated by arrows A. Light entering the 
interior of the base 100 is randomly reflected by the projections 102, and is thereby scattered in all 
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directions, since no air layer is formed at the convex portion. Scattered light beams which satisfy the total 
reflection condition of the base 100 (i.e., have an angle larger than a critical angle) are totally reflected by 
the lower surface of the base 100, as indicated by the dashed line in Fig. 1, and are then totally reflected by 
the upper surface thereof (although not illustrated in Fig. 1), thus being transmitted through the interior of 

5 the base 100. On the other hand, light passes through the base 100 at the concave portion 103, since an air 
layer is formed at this portion. The light beam which passes through the base 100 and reaches a recess 
103 of finger 101 is randomly reflected by the surface of the recess 103, thus being converted into a 
scattered light beam. When this scattered light beam enters the base 100 from the upper surface thereof, it 
is externally emitted from the lower surface of the base 100 at the same angle as its incident angle, in 

10 accordance with Snell's law (as indicated by the long-dash-short-dash line). Therefore, no scattered light 
from the recesses 103 is transmitted through the interior of the base 100. In this way, only the totally 
reflected light transmitted through the interior of the base 100 is detected to obtain an uneven-surface 
pattern image. 

Figure 2 is a side view showing the basic principle of the uneven-surface data detection apparatus 

75 according to the present invention. Reference numeral 1 denotes a transparent plate. The plate 1 has an 
uneven-surface contact portion 1a, against which an uneven surface (e.g., a fingerprint) 5 is pressed. A light 
source 2 for illuminating the uneven surface 5 is arranged below the plate 1 . At the other end of the portion 
1a, an optical element 3 for externally guiding totally reflected light in the plate 1 is disposed, and facing it 
is a detector 4 for detecting the light guided by the optical element 3. 

20 It should be noted that the transparent plate 1 need only exhibit transparency with respect to light 
emitted from the light source used. 

When the uneven surface 5 is pressed against the transparent ptate 1 and is illuminated with the light 
source 2, light components reflected by a projection 9 and those reflected by a recess 10 of the uneven 
surface 5 propagate in different directions, respectively. More specifically, light components 16 scattered by 

25 the recess 10 enter the plate 1, are refracted, and are then discharged outside the plate 1. On the other 
hand, light components 17 scattered by the projection 9 and having an angle larger than a critical angle are 
totally, repetitively reflected at transparent plate/air interfaces and propagate through the interior of the plate 
1 (note, other light components 17 having an angle less than the critical angle are discharged outside the 
plate 1). The convex data and the concave data are discriminated depending on whether or not the air layer 

30 is formed between the plate and the finger. Since all the light components 16 scattered by the recess 10 
are discharged outside the plate 1, the light components 17 propagating through the interior of the plate 1 
correspond to data from the projection 9 and need be detected only to obtain uneven-surface pattern data 
with a good contrast. 

When the light components 17 propagate through the interior of the plate 1 and reach a position 

35 corresponding to the optical element 3, since the total reflection condition can be no longer satisfied, the 
light components 17 enter the optical element 3 through an interface between the plate 1 and the element 
3, and are guided externally therefrom. The pattern data from the light components 17 of the projection 9 is 
then detected by the external detector 4. 

An application of the uneven-surface data detection apparatus of this invention will now be described. 

40 Figures 3 and 4 are side views of different embodiments of the present invention. A transparent plate 1 can 
be made of either glass or plastic. In order to guide the totally reflected light through the interior of the plate 
1 externally, a hologram or a prism which does not satisfy the total reflection condition is preferred. 

In Fig. 3, a hologram 31 is used as an optical element. More specifically, the hologram 31 is mounted 
on an uneven-surface contact portion 1 a of a transparent plate 1 at a position at which it does not interfere 

45 with the pressing operation of an uneven surface 5 (e.g. finger) thereon. With this arrangement, totally 
reflected light propagating through the interior of the plate 1 enters the hologram 31 , is diffracted thereby 
and discharged externally, and is then detected by a detector 4. 

Figure 4 illustrates an embodiment wherein a prism 35 is provided instead of the hologram 31 . The total 
reflection condition of light components 17 is disturbed by an interface between the prism 35 and the air. 

so Then, the light components 17 are diffracted into the prism 35 and are guided externally. In this 
embodiment, however, optical path lengths of the light components propagating through the prism 35 are 
different, and trapezoidal distortion may occur. If a hologram is used, since all the optical path lengths are 
the same, trapezoidal distortion cannot occur. Note that if a hologram having a lens function is used, a 
resultant image can be directly formed on a sensor (e.g., a CCD). 

55 According to the present invention as described above, all the light components scattered by a recess 
are discharged outside the transparent plate, and only those scattered by the projection propagate through 
the interior of the transparent plate. Therefore, only the projection data can be extracted, and as a result, 
uneven-surface pattern data with a good contrast can be obtained. In particular, since the optical system 
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need comprise only a transparent plate, even when a large uneven surface is to be detected, an increase in 
the size of the detection apparatus can be prevented. 

In the above-mentioned apparatus, when a residual lipidic or aqueous component (grease or moisture) 
26 from a residual fingerprint is attached to the surface of the plate 1 and is in contact with a finger 7, as 

5 shown in Fig. 5, it is illuminated with the scattered light from a recess of the finger 7 and acts as a 
secondary light source. The scattered light from the component 26 then propagates through the plate 1 as 
noise light 27, thus degrading an S/N ratio. 

For this reason, according to another embodiment of the present invention shown in Fig. 7, an uneven- 
surface data detection apparatus comprises a transparent plate 1 against which an uneven surface 5 to be 

io detected is pressed, a light source 2 for illuminating the uneven surface 5, an optical element 3 for 
externally guiding light totally reflected through the plate 1 by disturbing the total reflection condition, and 
an imaging device (detector) 4 for detecting the externally guided light. In this apparatus, assume that when 
a direction from the surface 5 toward the optical element 3 is given by and a direction opposite thereto 
is given as " + a direction of light for illuminating the uneven surface 5 is set to fall within the range of 

75 +33° to -38°. 

Since a light illumination angle with respect to the surface 5 falls within the range of +33* to -38* , an 
amount of light which is reflected from a recess of the surface 5 and propagates toward the optical element 
3 can be reduced, as explained below, and an influence due to a residual fingerprint can be eliminated, thus 
preventing degradation in the S/N ratio. 

20 Figure 7 shows the apparatus according to this embodiment of the present invention. 

The apparatus of this embodiment comprises the transparent plate 1, the light source 2, the optical 
element 3 (e.g., a hologram), and the imaging device 4, as in the embodiment shown in Fig. 3 or 4. The 
main feature of this embodiment is that a light illumination angle of light emitted from the light source 2 with 
respect to the uneven surface 5 through the plate 1 is set to fall (restricted) within +33* to -38* if a 

25 direction to the right of the surface 5 (i.e., an optical element direction) is given by and a direction 
opposite thereto is given as " + n . 

Figure 6 is a graph showing the experimentally obtained results of the dependency of the contrast on 
the illumination angle. Referring to Fig. 6, the illumination angle (of light illuminating the uneven surface 
from the interior of transparent plate) is plotted along the abscissa, and the contrast of the obtained image 

30 data is plotted along the ordinate. In addition, a curve A indicates a case wherein a fingerprint is detected 
when the transparent plate is clean, and a curve B indicates a case wherein a fingerprint is detected when a 
residual fingerprint is left on the transparent plate. As can be seen from Fig. 6, when the residual fingerprint 
remains, the illumination angle dependency of the contrast is enhanced. In this case, in order to obtain a 
contrast of 3 or more, the illumination angle range must fall within +33* to -38*. 

35 In this embodiment, even if a lipidic or aqueous component becomes attached to the transparent plate, 
a good contrast can be obtained. Note that, in the apparatus of Fig. 3 or 4, if the influence of a residual 
fingerprint is present, a load may be applied to a verification algorithm and a verification rate may be 
degraded. However, such problems are obviated in the above-mentioned embodiment. 

According to the apparatus of this embodiment as described above, even if a lipidic or aqueous 

40 component caused by a residual fingerprint becomes attached to the transparent plate, a high contrast 
image can be obtained, thus providing great practical advantages. 

Fig. 9 shows an arrangement which is not in accordance with the present invention. 
As shown in Fig. 9, an uneven-surface data detection apparatus comprises a transparent plate 1 , a light 
source 2, a hologram 31, and a detector 4. In this apparatus, light components scattered by an uneven 

45 object (finger) 7 pressed against the plate 1 are guided directly into the hologram 31, and only projection 
data, corresponding to light components 116 from a projection 9 of the object 7 which satisfy the Bragg 
condition of the hologram, is guided into the detector 4. Light components from a recess 10 of the object 7 
and other light components from the projection 9 not satisfying the Bragg condition are not guided to the 
detector 4, thus obtaining uneven-surface data from only the projection data. 

so When a distance between the hologram and an object to be detected is shortened in a hologram 
reconstruction mode (i.e. in a detection mode), aberration due to a difference between the formation 
wavefront and the reconstruction wavefront of the hologram, and a difference in a height/width ratio of an 
image, can be eliminated. 

The apparatus of Fig. 9 comprises a transparent plate 1 , a light source 2, a hologram 31 , and a detector 
55 4, as in the embodiment shown in Fig. 3. In the Fig. 9 arrangement, however, unlike embodiments of the 
invention, in light reflected from a projection 9 of an object (e.g. finger) 7, light components 116 which 
satisfy the Bragg condition are directly guided into the hologram 31 and are detected by the detector 4. 
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Fig. 8 shows the relationship between an optical path length, a height/width ratio of a resultant image, 
and an astigmatic difference. Referring to Fig. 8, the optical path length is plotted along the abscissa, the 
height/width ratio is plotted along the left ordinate, and the astigmatic difference is plotted along the right 
ordinate. In addition, a curve A indicates the height/width ratio, and a curve B indicates the astigmatic 
5 difference. 

Note that the height/width ratio is a ratio of height and width of longitudinal and lateral focal points of an 
imaging beam when viewed from a certain point. As shown in Fig. 8, as the ratio approaches 1.0, the beam 
becomes better focused. The astigmatic difference is a distance between maximum distortion portions of a 
beam in both the longitudinal and lateral directions. As the astigmatic difference becomes smaller, 
w abberation can be eliminated and the beam can be better focused. 

As can be seen from Fig. 8, the astigmatic difference becomes smaller as the optical path length is 
shortened. Dotted lines in Fig. 8 represent an allowable range of a height/width ratio error. When the 
allowable range is 5%, the optical path length is preferably set to be 27 mm or less. 

With the arrangement satisfying this condition shown in Fig. 9, light components 116 which are 
75 reflected from the projection 9 of the object 7 and satisfy the Bragg condition are diffracted by the hologram 
31, and reach the detector 4, as indicated by a. However, almost all of the light components 116 from the 
recess 1 0 cannot satisfy the Bragg condition, and are discharged into an air layer on the basis of Snell's 
law, as indicated by b. Although the components 116 are partially diffracted, as indicated by c, since they 
are weak and do not satisfy the Bragg condition, they propagate in a different direction. Therefore, 
20 essentially only the projection data light is detected and a fingerprint image is obtained. 

Explanation of embodiments of the present invention will now be resumed, starting with an improved 
version of the Fig. 3 embodiment. 

In the embodiment of Fig. 3, since the hologram 31 is used for drawing out the image data (scattered 
light) from the transparent plate, if a light source having a wide wavelength band is used, the resultant 
25 image may be blurred. Therefore, for example, a laser device whose wavelength range is not wide should 
preferably be used, thus increasing the total cost. 

For this reason, according to still another embodiment of the present invention, as shown in Fig. 10, a 
plate-like fingerprint sensor comprises a transparent plate, a light source, an image drawing out hologram, 
and a detector, and detects a fingerprint in accordance with the total reflection filtering method. In this 
30 apparatus, an LED 11 is used for the light source, and a Lippmann hologram is used for guiding the light 
from the light source to a finger contact portion. 

Since the Lippmann hologram is used between the light source and the object (e.g., the finger surface), 
even if the light source is an LED emitting a range of wavelengths, a certain wavelength can be selected by 
the wavelength selectivity of a Lippmann hologram, and a clear image can be obtained. 
35 Fig. 10 shows such an embodiment of the present invention. In Figure 10, reference numeral 1 denotes 
a transparent plate; 11, a light source; 31, an image drawing out hologram; 4, a detector; 14, a Lippmann 
hologram; and 7, a finger. 

In this embodiment, as shown in Fig. 10, the Lippmann hologram 14 is formed at an end face of the 
transparent plate 1, near a portion against which the finger 7 to be detected is pressed, and the LED 11 is 

40 arranged at the side of the opposing end face thereof, so that light is incident therefrom. The image drawing 
out hologram 31 and the detector 4 are arranged in the same manner as in the above embodiments. Note 
that light components 216 diffracted by the Lippmann hologram 14 are preferably incident on an air 
interface 1a of the plate 1, at an angle smaller than the critical angle, so as not to be totally reflected. The 
Lippmann hologram 14 can be formed as shown in Fig. 11, such that a hologram photographic plate 117 is 

45 irradiated with a reference wave 118 on the front surface and with an object wave 119 on the back surface 
thereof. When a reconstruction wave is radiated from the direction of the reference wave 118, a reflection 
wave 200 is emitted in a direction which satisfies a relationship X = 2Psin<f> (where X is a wavelength, P is a 
pitch of interference fringes, and 4> is an angle of incident light with respect to the fringes). 

With this arrangement, light from the LED 1 1 having a wide wavelength band is filtered to have a certain 

so wavelength by the wavelength selectivity of the Lippmann hologram 14, and is then detected by the 
detector 4, thus obtaining a clear fingerprint image. Note that the operation of this embodiment is the same 
as the above embodiments, and a detailed description thereof is omitted. 

Figure 12 shows still another embodiment of the present invention. The same reference numerals in 
Fig. 12 denote the same parts as in Fig. 10. 

55 In this embodiment, an end face of a transparent plate 1 near a finger contact portion is cut obliquely, 
and a Lippmann hologram 14 is formed on the surface opposite to the finger contact portion. In addition, an 
LED 11 is arranged so that its light is incident on the obliquely cut end face. An image drawing out 
hologram 31 and a detector 4 are arranged as in the above embodiments. The Lippmann hologram 1 4 used 
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in this embodiment can be prepared as shown in Figs. 13(a) and 13(b), such that a photographic plate 117 
is irradiated with a reference wave 118 on the front surface and with an object wave 119 on the back 
surface thereof. In this case, the object wave 119 incident from the back surface need not be strictly a 
parallel beam, but can have a divergence angle which does not exceed a critical angle of the plate 1 in the 
5 reconstruction mode, so as not to emit stray light with respect to the read hologram 31 . 

The operation and effect of this embodiment is the same as the embodiment of Fig. 10. 

According to the present invention as described above, an inexpensive LED can be used for the light 
source, and the total cost of the fingerprint sensor can be reduced, thus providing practical advantages. 

In the apparatus shown in Fig. 3 or 4, when a lipidic or aqueous component 26 from a finger becomes 
10 attached to the transparent plate 1, as shown in Fig. 14, optical noise 29 is increased thereby, and signal 
light 17 is reduced, thus degrading the S/N ratio. 

For this reason, according to still another embodiment of the present invention as shown in Fig. 15, an 
uneven-surface data detection apparatus comprises a transparent plate 1 against which an uneven surface 5 
of an object 7 to be detected is pressed, a light source 2 for illuminating the uneven surface 5, an optical 
75 element 3 for externally guiding light which is totally reflected through the interior of the plate 1, and a 
detector 4 for detecting the externally guided light. In this apparatus, dust covers 44 and 45 are arranged on 
air layers on one or both of the upper and lower surfaces of the plate 1 . 

Since the dust covers 44 and 45 are provided on the transparent plate through the air layer, a lipidic or 
aqueous component cannot become attached to the transparent plate, thus preventing the S/N ratio from 
20 being impaired. 

Figure 15 shows such an embodiment of the present invention. 

The apparatus of this embodiment comprises the transparent plate 1, the light source 2, the optical 
element 3 (e.g., a hologram), and the detector 4, as in the embodiment shown in Fig. 3 or 4. The main 
feature of this embodiment is that dust covers 44 and 45 are arranged on air layers on one or both of the 

25 upper and lower surfaces of the transparent plate 1 (in Fig. 15, they are arranged on two surfaces). The 
dust covers 44 and 45 must be notched at portions corresponding to the upper and lower surfaces of the 
uneven-surface contact portion and the optical element 3. 

With the above arrangement, attachment of a lipidic or aqueous component on the greater part of the 
transparent plate 1 can be prevented by the dust covers 44 and 45. Therefore, degradation in the S/N ratio 

30 due to attachment of the lipidic or aqueous component can be prevented. Since the air layers are 
sandwiched between the dust covers 44 and 45 and the transparent plate 1 , the dust covers 44 and 45 will 
not adversely influence the total reflection condition of light propagating through the interior of the 
transparent plate 1 . 

According to the present invention as described above, degradation in the S/N ratio of the apparatus 
35 can be reduced or prevented by a very simple arrangement, and is effective for practical use. 

In the above embodiments, when an object to be detected is an embossed pattern or a seal instead of 
a human finger, since the embossed pattern or seal is generally not flexible, only a portion of a projection 
thereof will be in tight contact with the transparent plate when it is pressed thereon. Thus, an air layer is 
interposed between the other portion of the projection and the transparent plate, and an image thereof 
40 becomes blurred. 

Figures 16 and 17 show still another embodiment of the present invention, in which Fig. 16 is an 
illustration showing an arrangement of an uneven-surface date detection apparatus, and Fig. 17 is an 
illustration for explaining the operation thereof. The same reference numerals in Figs. 16 and 17 denote the 
same parts. 

45 The above problem can be solved by an uneven-surface data detection apparatus of this embodiment, 
comprising a transparent plate 1, having an elastic film 23 interposed between itself and an object 40, for 
transmitting light reflected from a projection of the object 40 pressed thereon through the elastic film 23; an 
optical element 31 , for externally guiding light reflected from the projection of the object 40 and propagating 
through the plate 1; a light source 2 for illuminating the object 40 through the plate 1; and an imaging 

so element (detector) 4 for converting into an electrical signal an optical image guided outside the plate 1 by 
the optical element 31 . 

When the elastic film 23 is interposed between the object 40 (e.g., an embossed pattern or a seal) and 
the transparent plate 1 in Fig. 16, an air layer interposed between the projection of the object 40 and the 
transparent plate 1 is filled by the elastic film 23, as shown in Fig. 17. As a result, an optical image of a 
55 rigid pattern in good contrast can be obtained and converted directly into an electrical signal with high 
precision, just as in the fingerprint sensors in the p re-registered content. 

An uneven-surface data detection apparatus according to still another embodiment of the present 
invention will now be described with reference to Figs. 18 and 19, in which Fig. 18 is an illustration showing 
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an arrangement of the apparatus of this embodiment, and Fig. 19 is an illustration for explaining the 
operation thereof. 

Referring to Fig. 16, the apparatus of this embodiment comprises the transparent plate 1 having an 
optical element (e.g., a hologram diffraction grating) 31; the elastic film 23, made of a very thin rubber and 
5 interposed between an object (e.g. , a rigid embossed pattern or a seal) 40 and the transparent plate 1 ; the 
light source 2 for illuminating the object 40 through the plate 1; and the imaging element 4 for converting an 
optical image externally guided by the element 31 into an electrical signal. An air layer 24 is arranged 
between the elastic film 23 and the transparent plate 1 . 

Referring to Fig. 17, when an object 40 having a rigid uneven surface is pressed against the transparent 
w plate 1 at a proper pressure, the elastic film 23 pressed by a projection 41 of the object 40 is brought into 
tight contact with the plate 1. However, a small air layer is present between a recess 42 of the object 40 
and the plate 1 . Light which is emitted from the light source 2 and reaches the recess 42 is scattered by the 
film 23 below the recess 42, and thereafter enters the plate 1 and is discharged into a lower air layer in 
accordance with Snell's law. 

75 Light which is incident on the surface of the film 23 in contact with the projection 41 is scattered at the 
contact interface. Although part of the scattered light is discharged from the lower surface of the plate 1 into 
the air layer, the remaining part thereof, which enters an interface between the air layer and the lower 
surface of the plate 1 at an angle larger than the critical angle, is totally reflected thereupon, propagates 
through the interior of the plate 1 , and is then externally guided by the hologram diffraction grating 31 . An 

20 optical image externally guided by the grating 31 and formed only by the light from the convexes 41 is 
sensed by the imaging element 4, and is converted into the electrical signal to be output from the 
apparatus. 

Referring to Fig. 18, the apparatus comprises a transparent plate 1 having an optical element (e.g., a 
hologram diffraction grating) 31; a very thin elastic film 23 interposed between a(rigid)object 40 (e.g. an 
25 embossed pattern or a seal) and the plate 1 ; a light source 2 for illuminating the object 40 through the plate 
1 ; and an imaging element 4 for converting into an electrical signal an optical image externally guided by 
the optical element (hologram) 31 . The elastic film 23 is formed by a resin (e.g., silicone resin) having a 
refractive index approximately equal to that of the plate 1 , and is in tight contact with the plate 1 . 

Referring to Fig. 19, when the object 40 having an uneven surface is pressed against the plate 1 at a 
30 proper pressure, a projection 41 of the object 40 is pressed in the elastic film 23, with a small air layer 
being left between a recess 42 of the object 40 and the film 23. Light from the light source 2, which reaches 
the recess 42 through the plate 1 and the film 23, is scattered by the recess 42, and after re-entering the 
plate 1, is discharged into an air layer below the plate 1 in accordance with Snell's law. 

On the other hand, light which reaches the projection 41 is scattered at the contact interface. Although 
35 part of the fight is discharged into the air layer below the plate 1 , the remaining part thereof, which enters 
an interface between the lower surface of the plate 1 and the air layer at an angle larger than the critical 
angle, is totally reflected thereby, propagates through the interior of the plate 1, and is then externally 
guided by the grating 31 . An optical image externally guided by the grating 31 and formed only by the light 
from the convexes 41 is sensed by the imaging element 4 and is converted into the electrical signal to be 
40 output from the apparatus. 

Figure 20 shows a seal pattern detected by the apparatus of the present invention. 
When an uneven surface of a seal is detected by the apparatus of the embodiments shown in Figs. 3 to 
15, almost all of the pattern is blurred, as shown in Fig. 20(a) , and cannot be used for personal verification. 
In contrast to this, a seal pattern detected by the apparatus of this embodiment is very clear, as shown in 
45 Fig. 20(b), and can be reliably used for personal verification. 

More specifically, since an elastic film is interposed between the rigid object (e.g., the embossed 
pattern or seal) and the transparent plate, an air layer present between a projection of the object and the 
transparent plate can be filled with the elastic film. As a result, an optical image of a rigid pattern having a 
good contrast can be obtained and converted into a high-precision electrical signal, just as in the fingerprint 
so sensors in Figs. 3 to 1 5, and can be immediately verified with a pre-registered content. 

According to the present invention as described above, an uneven-surface data detection apparatus 
which can reliably detect a rigid object and has a wider application range can be provided. 
Figure 39 is a block diagram showing a proposed personal identification apparatus. 
In the proposed personal identification apparatus using a fingerprint as personal data, a fingerprint 
55 sensor is used as a personal data input means, as shown in Fig. 39, and the apparatus comprises a 
fingerprint sensor 61 and a data identification dictionary (lexicon) 62. Fingerprint data is registered in 
advance in the lexicon 62 (e.g., a card) through the sensor 61. 
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When a fingerprint is input through the sensor 61 for personal identification, the input fingerprint is 
compared with the fingerprint registered in the lexicon 62 by an identification means 63. In such an 
apparatus, one of the fingerprint sensors in the above embodiments could be used as the personal data 
input means. 

5 Even if an object is not a living body, if an image corresponding to a fingerprint can be obtained, the 
fingerprint sensor of the above embodiments inputs the electrical signal into the apparatus. Meanwhile, if an 
input fingerprint coincides with the fingerprint registered in the lexicon 62, the conventional personal 
identification apparatus determines that a person currently inputting the fingerprint is identical to the 
registered person. 

io However, if an object which can produce the same data as a registered fingerprint (e.g., a replica of the 

registered fingerprint made of gypsum or soft rubber) is prepared and the fingerprint of the replica is input, 

the personal identification system can be by-passed. 

The following embodiments relate to a personal identification system and, more particularly, to a 

personal identification system comprising a bio-detection means and a identification method therefor. 
75 Various techniques for keeping data processing systems confidential having been developed in line with 

the progress of high-tech information business. For example, in place of a conventional ID card which 

frequently can be misplaced or stolen, a personal identification system for checking personnel entering a 

computer room is now widely used. 

However, personal identification using a fingerprint is not always perfect. For example, if a replica of a 
20 registered fingerprint is prepared, the system can be by-passed, as described above. For this reason, a 

strong demand has arisen for a personal identification system which can confirm that a detected object is a 

living body. 

Figure 22 is a block diagram of a personal identification apparatus according to still another embodi- 
ment of the present invention. 

25 In order to solve the above problem, a personal identification apparatus of the present invention as 
shown in Fig. 22 comprises a bio-detecting means 400, consisting of a photodetecting means 241 for 
detecting light in a visible light range having a short wavelength of 440 to 580 mm, a photodetecting means 
242 for detecting light in a light range having a wavelength longer than 630 nm, a reference voltage 
generating means 243 for generating a reference voltage in response to the output voltage from the 

30 photodetecting means 242, and a comparing means 244 for comparing the reference voltage with the 
output voltage from the photodetecting means 241. After the bio-detecting means 400 confirms that an 
object to be detected is a living body, personal date (e.g. fingerprint), input through a personal data input 
means 61 and personal data prestored in a data identification lexicon 62 are verified by a data identification 
means 63. 

35 As shown in the spectral reflectance graph of Fig. 21, human skin has a depression force dependency 
such that its reflectance varies depending on a depression force in a visible light region of 580 nm of less. 

Referring to Fig. 22, the output voltage from the photodetecting means 241 changes before and after a 
pressure is applied to an object. More specifically, the reference voltage is generated by the reference 
voltage generating means 243 in response to the output voltage from the photodetecting means 242, and a 

40 change in output voltage from the photodetecting means 241 before and after the application of pressure is 
detected based on the reference voltage. In this way, it can be detected whether the object is a living body 
(real finger) or a replica. 

After the bio-detecting means 400 detects that the object is a living body, personal data input through 
the personal data input means 61 and personnel data prestored in the data identification lexicon 62 are 
45 verified, thereby preventing illegal use of the personal identification system by means of, e.g., a replica of a 
fingerprint. 

Another embodiment of the present invention will now be described with reference to Figs. 23 and 24, 
in which Fig. 23 is a plan view showing a bio-detection optical system according to still another embodiment 
of the present invention, and Fig. 24 is a circuit diagram of the bio-detecting means. 

50 Referring to Fig. 23, a personal data input means (in this embodiment, a fingerprint sensor is used and 
will be referred to as a fingerprint sensor hereinafter) 61 comprises a bio-detection optical system consisting 
of a means (to be referred to as a short-wavelength photosensor hereinafter) 241 for detecting light of a 
short wavelength, e.g., 440 to 580 nm, and a means (to be referred to as a long-wavelength photosensor 
hereinafter) 242 for detecting light of a wavelength longer than 630 nm. The short-wavelength photosensor 

55 241 has a light-emitting diode 411 and a photodiode 412, and the long -wavelength photosensor 242 has a 
light-emitting diode 421 and a photodiode 422. The photosensors 241 and 242 are moved in directions 
indicated by the arrows, respectively, so as to sandwich a finger 7 placed on the fingerprint sensor 61 
therebetween. 



9 



EP 0 194 783 B1 



Referring to Fig. 24, the bio-detecting means 400 comprises a bio-detection optical system consisting 
of the short-wavelength photosensor 241 and the long-wavelength photosensor 242, a means for generating 
a reference voltage in response to the output voltage from the photosensor 242, i.e., a reference voltage 
generator 243, a comparing means for comparing the reference voltage with the output voltage from the 
5 photosensor 241, i.e., a bio-discrimination comparator 244, and a contact detection comparator 245 for 
detecting that the photosensor 242 is brought into contact with the finger 7. 

The bio-detection optical system, i.e., the photosensors 241 and 242 are moved in the direction of the 
arrows, and when the photosensor 242 is brought into contact with the finger 7, a voltage V is generated 
therefrom. A reference voltage V1 input to the comparator 245 is compared with the output voltage V, and 
io when the voltage V exceeds the voltage V1 , it is detected that the photosensor 242 is in contact with the 
finger 7, thus setting an i terminal of an AND circuit 246 at "1 " level. 

At the same time, the output voltage V is supplied to the generator 243, and a reference voltage Vr ( = 
k* V, where k is a conversion coefficient preset in the generator 243) is generated from the generator 243. 

An output voltage V0 from the photosensor 241 is compared with the reference voltage Vr by the 
75 comparator 244. 

If the object is a living body, the following relationship is established immediately after the photosensor 
241 comes into contact with the finger 7: 

V0< Vr 

20 

As the compression force increases, the above relationship is inverted, and is written as: 
V0£ Vr 

25 The comparator 244 detects the above relationship between the output voltage V0 from the photosensor 
241 and the reference voltage Vr. When the relationship is V0 £ Vr, the comparator 244 generates a 
discrimination signal, thus setting an s terminal of the AND circuit 246 at "1 " level. 

When the photosensor 242 comes into contact with the finger 7 to set the I terminal of the AND circuit 
246 at "1" level, and when the relationship (output voltage V0 £ reference voltage Vr) is established to set 
30 the s terminal of the circuit 246 at "1 " level, a flip-flop (FF) 247 is set so that a fingerprint input through the 
sensor 61 and a fingerprint pre-registered in the data identification lexicon 62 are verified. Note that when 
the finger is removed from the above bio-detection optical system, the FF 247 is reset because the output 
level of the comparator 245 is inverted. 

In the object is something other than a living body, the above relationship is not established between 
35 the output voltage V0 from the photosensor 241 and the reference voltage Vr, and the discrimination signal 
is not generated from the comparator 244. 

In this way, the bio-detecting means of this embodiment utilizes a depression force dependency unique 
to human skin such that a reflectance varies widely in the visible light region of 580 nm or less. After the 
bio-detecting means detects that the object is a living body, a fingerprint input through the fingerprint 
40 sensor 61 and a fingerprint pre-registered in the lexicon 62 are verified, thus preventing illegal use of the 
personal identification system by means of a replica of a fingerprint. 

According to the above embodiment, a personal identification system having a function of detecting that 
an object is a living body can be provided. 

In the above embodiments, if a formation wavefront during formation of a hologram and a reconstruction 
45 wavefront from a fingerprint under detection are different, aberrations are generated in the observed 
uneven-surface data image. Figure 25 is a perspective for explaining the causes of such aberrations. In the 
drawings of the above embodiments, light scattered at a certain point on a finger is indicated by a single 
line. In practice, however, the light scattered at a point P propagates to be spread into a diffused spherical 
waveform before reaching a hologram 31 , as shown in Fig. 26(a). Figure 25 shows a developed optical path 
so from the point P on the finger to the hologram 31 in Fig. 26(a). 

If light incident on the hologram 31 from the point P is parallel to an object wave 318, shown in Fig. 26- 
(b), during the formation of the hologram, an aberration is not generated. However, in practice, scattered 
light components are generated as indicated by numerals 91 , 92, 93, 94, and 95 of Fig. 25 and are incident 
on the hologram 31. Assuming that only the light beam 92 is parallel to the object wave 318, the other 
55 beams 91 , 93, 94, and 95 cause an aberration thus blurring an image. 

The light scattered at the point P on the finger passes through points H1 to H5 on the hologram 31 , and 
reaches an eye 75 of an observer through an imaging lens 74. If diffraction light beams 76 are extended in 
a direction opposite to their propogation direction, they will cross at a point corresponding to an image P(1 ) 
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of the point P of the finger, which is observed by the observer. However, these beams cannot cross at a 
signal point, regardless of the position of a screen 77, as indicated by points S1 to S5, thus causing 
aberration. As described above, since the hologram 31 for guiding data light has a difference between the 
formation wavefront thereof and the reconstruction wavefront from a fingerprint regardless of object waves, 
5 an aberration is generated in a fingerprint image to be detected. 

In Fig. 26(a), lattice fringes 3s in the hologram 31 are perpendicular to an optical path extending from 
the point P to the hologram 31. For this reason, if a direction of the lattice fringes is represented by a 
vertical direction v, and a direction perpendicular to the fringes is represented by a horizontal direction h, 
aberration can be~classified into vertical and horizontal aberrations. Because of the presence of astigmatism, 
w at vertical focal point Pv, shown in Fig. 25, a virtual image P(2) of the point P of the finger is clearly focused 
in the vertical direction, but is expanded and blurred in the horizontal direction. In contrast to this, at a 
horizontal focal point Fh, a virtual image P(3) of the point P is focused in the horizontal direction but is 
expanded and blurred in the vertical direction. 

Figure 27 shows an image on the screen 77 when nine spot-like projections P are pressed against an 
75 uneven-surface data input portion 1a. Images P(2) at the vertical focal point Fv are expanded in the 
horizontal direction to look like horizontal stripes. On the other hand, images P(3) at the horizontal focal 
point Fh are expanded in the vertical direction to look like vertical stripes. 

Therefore, the following embodiment of the present invention has as its object to provide an uneven- 
surface data detection apparatus which is free from the above problems, and can obtain clear uneven- 
20 surface data without being adversely influenced by aberration. 

Figure 28 is an illustration for explaining a basic principle of the uneven-surface data detection 
apparatus of this embodiment. Reference numeral 1 denotes a transparent plate having a hologram 31 on 
its back surface. Assuming that nine spot-like projections P are pressed against an uneven-surface data 
input portion 1a of the plate 1, lattice fringes 3s of the hologram 31 are perpendicular to the optical path 
25 extending from the portion 1a to the hologram 31. For this reason, virtual images of the projections P in the 
vertical direction are focused at a vertical focal point Fv near the hologram 31 , and those in the horizontal 
direction are focused at a horizontal focal point Fh further removed from the hologram 31 . 

Two orthogonal cylindrical lenses CL1 and CL2 are arranged at positions opposing the hologram 31 of 
the plate 1. The cylindrical lens CL1 nearest the hologram 31 has an axis c parallel to the expansion 
30 direction of the virtual images P(3) at the horizontal focal point Fh. The cylindrical lens CL2 away from the 
hologram 31 has an axis c parallel to the expansion direction of the virtual images P(2) at the vertical focal 
point Fv. 

It should be noted that a hologram can provide the same effect as that of a cylindrical lens. Therefore, 
in this embodiment, all optical elements which have the same function as a cylindrical lens are included in 

35 the concept of the cylindrical lens. 

The hologram 31 can be prepared using plane waves for both reference and object waves, or using a 
spherical wave for at least one of the reference and object waves. 

Figure 29 is an illustration for explaining the operation of the uneven-surface data detection apparatus 
shown in Fig. 28, in which Fig. 29(a) is a plan view, and Fig. 29(b) is a side view. Reference numeral 77 

40 denotes a screen, where two virtual images P(2) and P(3) formed at positions behind the hologram 31 (i.e., 
at a vertical focal point Fv and a horizonal focal point Fh, respectively) are independently focused on a 
single screen surface. The virtual image P(3) at the horizontal focal point Fh removed from the hologram 31 
is focused on the screen 77 by the cylindrical lens CL1 having a focal length f1. At this point, since the 
cylindrical lens CL1 has no convergence function in the axial direction c thereof, the image P(3) is not 

45 influenced in the vertical direction. The virtual image P(2) at the vertical focal point Fv near the hologram 31 
is focused on the screen 77 by the cylindrical lens CL2 having a focal length f2. At this point, since the 
cylindrical lens CL2 has no convergence function in the axial direction c thereof, the image P(2) is not 
influenced in the horizontal direction. 

In this way, when the two cylindrical lenses CL1 and CL2 are arranged to be orthogonal to each other, 

so the image P(3) and P(2) are focused on the screen 77 independently to overlap each other, thereby 
obtaining an image P(4). As a result, even if virtual images formed by the hologram 31 have astigmatism, 
they can be observed by an imaging system at a given position of the screen 77, thus improving image 
contrast. 

With this embodiment, when positions of the cylindrical lenses CL1 and CL2 are selected, a 
55 height/width ratio of the resultant image can be freely selected. A case will now be exemplified wherein a 
hologram is prepared using a plane wave. 

The problem of the height/width ratio can be solved by properly selecting a difference "fl^" of the 
focal lengths between the two cylindrical lenses CL1 and CL2. In this case, a pitch of vertical stripes in 
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image P(3) and a pitch of horizontal stripes in image P(2) are the same, and are given by m. Therefore, in 
this case, the pitches m need only be extended length n1 and n2 on the screen 77, respectively (n1/m = 
M1, n2/m = M2, where~M1 and M2: optical magnifications, n1: lateral length, and n2: longitudinal length). In 
the horizontal focal point correction system of Fig. 29(a), a distance from the image P(3) to the cylindrical 
5 lens CL1 is given by a1, and a distance from the cylindrical lens CL1 to the screen 77 is given by b1. 
Similarly, in the vertical focal point correction system of Fig. 29(b), a distance from the image P(2) to the 
cylindrical lens CL2 is given by a2, and a distance from the cylindrical lens CL2 to the screen 77 is given 
by b2. At this time, if astigmatism is represented by dz: 

w dz = (a1 + b1) - (a2 + b2) (1) 

From similarity, we have: 

75 ML = nl/m 

■= H/ai ... (2) 

M2 = n2/m 

=" b2/a2 . . . ( 3 j 

and from a lens formula we have: 
1/a1 + 1/b1 = 1/f1 (4) 

25 

1/a2 + 1/b2 = 1/f2 (5) 

I f a1 , a2, bl . and b2 are eliminated from the above relations, 

30 dz = ((M1 + 1) 2 /M1)f1 - ((M2 + 1)2/M2)f2 (6) 

Therefore, if cylindrical lenses having a combination of f1 and f2 which can satisfy relation (6) are 
selected, the image P(4) on the screen 77 can be set at desired lateral and longitudinal magnifications M1 
and M2. 

35 An uneven-surface data detection apparatus according to still another embodiment of the present 
invention will be described with reference to the perspective view of Fig. 30. A first cylindrical lens CL1 for 
correcting a virtual image P(3) removed from a hologram 31, and a second cylindrical lens CL2 for 
correcting a virtual image P(2) near the hologram 31 are arranged opposite to the hologram 31 of a 
transparent plate 1, and are orthogonal to each other. In this embodiment, two spatial filters SF1 and SF2 

40 are arranged between a position of a screen 77 at which a detecting means is arranged and the cylindrical 
lenses CL1 and CL2. The spatial filters SF1 nearer the cylindrical lenses CL1 and CL2 has a slit S1 parallel 
to an axis c of the lens CL1, and the spatial filter SF2 removed from the lenses CL1 and CL2 has a slit S2 
parallel to an axis c of the lens CL2. 

Figure 31 is an illustration for explaining a spatial filter function in view of a horizontal focal point 

45 correction system, in which Fig. 31(a) shows a case wherein no spatial filter is provided, and Fig. 31(b) 
shows a case wherein the spatial filter is provided. In Fig. 31(b), the spatial filter SF1 having the slit S1 is 
arranged at the focal point of the cylindrical lens CL1. As shown in Fig. 31(a), when no spatial filter SF1 is 
provided, light incident on the cylindrical lens CL1 from the virtual image P(3) is focused on the screen 77. 
However, since those of light beams 161 which are not parallel to an optical axis 19 of the cylindrical lens 

50 CL1 do not pass near the focal point of the lens CL1 , image contrast is impaired. When the spatial filter SF1 
having the slit S1 is arranged at the focal point of the cylindrical lens CL1 as shown in Fig. 31(b), only light 
beams 162 substantially parallel to the optical axis 19 can reach the screen 77, but the light beams 161 
which cause blurring are cut off by the spatial filter SF1. In this way, even though the light beams 161 which 
impair the contrast can be cut off, if an optical axis selected by the filter SF1 coincides with the optical axis 

55 of a light beam which satisfies the Bragg condition, decrease in the total amount of light can be avoided. 

Since an effective range of the hologram 31 is narrowed from X1-X2 to X1-X3 due to the presence of 
the spatial filter SF1, aberration can be further reduced, and image blurring can be prevented. This can 
provide the same effect when a thick hologram is used to reduce aberration. 
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According to the present invention as described above, when two correction cylindrical lenses CL1 and 
CL2 corresponding to the horizontal and the vertical focal points Fh and Fv are arranged orthogonal to each 
other between the hologram 31 for guiding an optical image from the transparent plate 1 and the detecting 
means, high-contrast uneven-surface data can be obtained, and the height/width ratio can be freely 
5 selected. 

In an uneven-surface data detection apparatus, when characteristic evaluation of the apparatus is 
performed or a fingerprint is input as personal data, a plurality of specific uneven-surface data are often 
required. For this purpose, while an uneven surface such as a fingerprint is pressed against an input 
section, it need only be sensed a plurality of times. However, sensing conditions (e.g., shutter speed) or 

w input conditions of the fingerprint (such as displacement of the finger) may often vary. Therefore, a plurality 
of uneven-surface data are preferably sensed at the same time. 

Figure 33 is a perspective view for explaining a basic principle of an uneven-surface data detection 
method according to the present invention. Reference numeral 1 denotes a plate having transparency with 
respect to light emitted from a light source 2. The plate 1 has an uneven-surface data input portion 1a on its 

75 central front surface. A plurality of holograms, e.g., 31 to 34, are arranged on the back surface of the plate 1 
to be separated from the center of the input section 1a at equal distances d. The holograms 31 to 34 can 
be either of the phase or surface-relief type. A single film 83 for simultaneously sensing images derived 
from the holograms 31 to 34 are arranged below the plate 1 . The light source 2 for illuminating the input 
section 1a is arranged below the back surface of the input section 1a. 

20 When a finger 7 is pressed against the input section 1 a just as in the previous embodiments, scattered 
light components from a projection of the finger 7 are totally reflected on the basis of the principle shown in 
Fig. 2. In this case, as shown in Fig. 32, the totally reflected light beams 90 radially propagate from a center 
c of the input section 1a in all directions. For this reason, the light beams 90 reach ail the holograms 31 to 
34 and are guided thereby outside the plate 1. Optical images so guided by the holograms 31 to 34 are 

25 simultaneously formed at positions 131 to 134 on the single film 83. 

In this case, since all the distances from the input section 1a to the holograms 31 to 34 are d, the 
optical path lengths from the section 1a to the (identical) holograms 31 to 34 are equal to each other The 
uneven-surface images can thus be formed on the film 83 under the same conditions. In addition, since the 
images can be obtained from the holograms 31 to 34 under the same conditions as in an apparatus for 

30 obtaining a signal image, the amount of image light will not be small and an exposure time will not be 
prolonged. 

If the optical paths extending from the input section 1a to the holograms 31 to 34 are developed, they 
are the same as those in the previous embodiments. More specifically, diffraction grating fringes 3s are 
arranged perpendicular to the optical paths extending from the section 1a to the holograms 31 to 34 and 

35 thus are perpendicular to the totally reflected light beams 90. 

Since Fig. 33 is a view showing the operation principle, the film 83 is arranged opposite to the 
transparent plate 1. However, as will be apparent from the following embodiments, light reflected by a 
reflection mirror can be sensed, or various optical elements can be inserted in the optical paths extending 
from the holograms 31 to 34 to the imaging film so as to improve characteristics. 

40 An uneven-surface data detection apparatus according to still another embodiment of the present 
invention will now be described with reference to Fig. 34, which is a perspective view thereof. Holograms 31 
to 34 are arranged to be distant from an uneven-surface data input section 1 a at equal distances. In Fig. 34, 
four holograms are provided, but the number of holograms can be changed in accordance with the number 
of images obtained at the same time. A reflection mirror 84 is obliquely arranged opposite to the surface of 

45 the plate 1 on which the holograms 31 to 34 are provided. Therefore, images derived by the holograms 31 
to 34 are reflected by the mirror 84. Reference numeral 83 denotes a film for sensing the images reflected 
by the mirror 84. When uneven-surface data is to be obtained immediately, a Polaroid camera (trade name) 
is preferably used for the film 83. 

A plurality of cylindrical lens pairs 151 to 154 are arranged to correspond with the holograms 31 to 34. 

so Each of the cylindrical lens pairs 151 to 154 consists of a vertical cylindrical lens CLv and a horizontal 
cylindrical lens CLh, which are orthogonal to each other. Since a vertical focal point (in a direction of the 
optical path from the input section 1a to the holograms 31 to 34) does not coincide with a horizontal focal 
point (in a direction perpendicular to the optical paths) due to astigmatism of the holograms 31 to 34 
resultant images are blurred. Therefore, in order to correct the blurred images, the cylindrical lens pairs 151 

55 to 154 are provided. A plurality of spatial filter Fv pairs 161 to 164, each consisting of a spatial filter Fv 
having a slit Sv parallel to the axis of the cylindrical lens CLv and a spatial filter Fh having a slit Sh parallel 
to the axis of the cylindrical lens CLh are arranged immediately below the respective cylindrical lens pairs 
151 to 154. 
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The descriptions of shift in vertical and horizontal focal points and the operation of the cylindrical lenses 
and the spatial filters are the same as those made with reference to Figs. 25, 29, and 31 . 

A photoelectric conversion element 201 comprising charge-coupled device is arranged at a position 
separate from the film 83, so that an image is converted into an electrical signal and is displayed on a 
5 display device 202, thus checking if a finger 7 is located at the center of the input section 1a. 

When optical images picked up from the holograms 31 to 34 through the cylindrical lens pairs 151 to 
1 54 are displayed on the display device 202, a direction of the finger 7 in Fig. 34 is reversed. As shown in 
Fig. 34, when light is temporarily reflected by the mirror 84 and is then incident on the film 83, since the 
image is again reversed by the mirror 84, a finger image having the same direction as that of the finger on 
10 the input section 1a can be formed on the film 83. An odd number of reflection mirrors exceeding 3 can be 
used. In this embodiment, the angles of the reflection mirror 84 and the film 83 are selected so that the 
optical path lengths from the holograms 31 to 34 to the film 83 through the mirror 84 are the same. 

Although the film 83 must be large enough to form all images from the holograms 31 to 34 at the same 
time, the photoelectric conversion element 201 need only have a size sufficient for detecting an image from 
is any one of the holograms. 

With the method of this embodiment, a plurality of holograms 31 to 34 for drawing out images are 
arranged at positions separated at equal distances from the input section 1a at the center of the plate 1, and 
optical images obtained therefrom are formed on a single film, thus obtaining a plurality of uneven-surface 
data at the same time. As a result, an exposure time need not be prolonged when compared with a method 
20 using a half mirror, and clear images can be obtained with a simple operation. In addition, total cost can be 
reduced because of the simple arrangement. 

In the above embodiments, since the light source 2 is arranged immediately below the plate 1, when an 
operator touches the uneven-surface data input section 1a with his finger at the entrance of a computer 
room, light emitted from the light source 2 may get in his eyes, thus having an adverse influence on his 
25 eyes. Since a laser device is normally used for the light source 2, this creates a serious problem. A 
possible solution to this problem is, for example, a light-shielding cover provided over the apparatus, so that 
a finger is inserted therein. However, since the position of the finger cannot be confirmed with such a cover 
in place, the fingertip cannot be precisely aligned with the center of the input section 1a. In addition, since 
the input section 1a is easily contaminated with an aqueous or lipidic component of a residual fingerprint, 
30 the light cover makes it difficult to see the contaminated portion and clean it. 

Alternatively, a touch switch for detecting the contacting of a finger is provided on transparent plate 1 , 
so that only when it is detected that the finger is being pressed against the input section 1a, is the laser 
light source 2 enabled. However, a special control circuit is then required, and light leaking around the 
finger may also undesirably get in the operator's eyes. 
35 An arrangement in Fig. 38 shows a method of detecting uneven-surface data under totally reflected 
illumination, in which the concept of the transparent plate 1 is also adopted. As shown in Fig. 38(a), the end 
face of a transparent plate 1 is obliquely cut, so that a laser beam 86 becomes incident from an oblique 
surface 85. The laser beam is totally reflected at regions between a-a' and b-b\ in which the laser beam 86 
is reflected by a transparent plate/air interface on the surface of the plate 1 , thus enabling totally reflected 
40 illumination. As shown in Fig. 38(b), when an angle a of the oblique surface 85 and a critical angle c of the 
transparent plate surface are selected, total reflection is repeated, and totally reflected light 87 is guided to 
a hologram 31 without exiting in the plate 1 . 

If the regions between a-a' and b-b* of the front surface of the plate 1 are used as the uneven-surface 
data input section 1a, light is scattered by a projection 9 of the uneven surface, and propagates to the 
45 hologram 31 just as in the case shown in Fig. 17. At a recess 10, since light is totally reflected by the 
transparent plate/air interface, the totally reflected light also reaches the hologram 31. When the totally 
reflected light is detected by the hologram 31, the projection 9 is dark and the recess 10 is bright, like a 
negative film. In order to overcome this, when an incident angle i to the hologram 31 is set at an angle 
different from the critical angle c, the totally reflected light 87 is not incident on the hologram 31 , and only 
so the scattered light from the projection 9 is incident thereon. 

With this arrangement, since all the laser beams are totally reflected in the plate 1, the eyes of an 
operator can be protected therefrom. However, even if the incident angle i is differed from the critical angle 
c, the totally reflected light 87 cannot completely be shielded, thus creating the problem of degraded 
contrast. 

55 The following embodiment of the present invention aims to provide an uneven-surface data detection 
apparatus with the above arrangement, which is free from the above problem and which can detect high- 
contrast uneven-surface data without being influenced by the totally reflected light. 
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Figure 35 is an illustration for explaining a basic principle of an uneven-surface data detection apparatus 
according to this embodiment, in which Fig. 35(a) is a plan view and Fig. 35(b) is a sectional view taken 
along a line d-d* of Fig. 35(a). Reference numeral 1 denotes a plate having transparency with respect to 
light emitted from a light source 2. An uneven-surface data input section 1a is illuminated by totally 
5 reflected light 87. The input section 1a is arranged on the front surface of the plate 1 midway along an 
optical path of totally reflected light 87. Reference numeral 31 denotes a hologram for guiding an optical 
image outside the plate 1 . The hologram 31 is arranged at a position away from the optical path of the light 
87. An optical image externally guided by the hologram 31 is detected by an imaging element (detector) 4. 

In order to introduce the totally reflected light 87 into the transparent plate 1 , the end face of the plate 1 
w is cut obliquely, so that a laser beam becomes incident through an oblique surface 85 thereof. Alternatively, 
another hologram is provided on the back surface of the transparent plate 1 , and is irradiated with a laser 
beam so as to introduce the beam into the plate 1 . 

When a finger 7 is pressed against the input section 1a in the same manner as in Fig. 38, the light 87 
illuminates the uneven surface thereof and then propagates to be repetitively totally reflected. On the other 
J5 hand, light scattered by a projection 9 of the finger 7 radially propagates in every direction, as indicated by 
numeral 17 in Fig. 35(a). For this reason, only the light scattered by the projection 9 is transmitted by total 
reflection to the hologram 31 which is arranged at a position away from the optical path of the light 87, and 
is guided outside the plate 1 . However, the light 87 is not transmitted to the image position of the hologram 
31 to be incident on the hologram 31 and to brighten the image, thus preventing a poor-contrast image. 
20 Since the light 87 is only totally reflected in the plate 1 , it can no longer get in eyes of an operator when he 
touches the input section 1a. 

An uneven-surface data detection apparatus according to still another embodiment of the present 
invention will now be described. Fig. 36 is a perspective view of an uneven-surface data detection apparatus 
of this embodiment. Since a transparent plate 1 has an L-shape, when a laser beam from a light source 2 
25 becomes incident through an oblique surface 85 of the end portion of the plate 1 , light 87 propagates in the 
plate 1 and is totally reflected. Light scattered by a projection of an uneven surface is totally reflected 
toward a hologram 31 arranged on the back surface of the end of the L-shaped portion opposite the light 
source 2, is guided outside the plate 1 , and is then detected by an imaging element 4. Alternatively, if the 
hologram 31 is arranged at a position away from the optical path of the light 87, the plate 1 can be formed 
30 into a desired shape. 

Figure 37 shows an improvement in the apparatus of the embodiment in Fig. 36. An image obtained 
from the hologram 31 is reflected by a reflection mirror 620, and becomes incident on the imaging element 
4 through a cylindrical lens pair 621 and a spatial filter pair 622. Alternatively, the cylindrical lenses 621 and 
the spatial filters 622 can be arranged immediately below the hologram 31 without using the mirror 620. 

35 The cylindrical lens pair 621 consists of a vertical cylindrical lens CLv and a horizontal cylindrical lens 
CLh, which are orthogonal to each other. A vertical focal point (in a direction of optical path from the input 
section 1a to the hologram 31) does not coincide with a horizontal focal point (in a direction perpendicular to 
the optical path) due to astigmatism of the hologram 31 , and a resultant image is blurred. In order to correct 
the blurred image, the cylindrical lenses CLv and CLh are provided. The spatial filter pair 622 consists of a 

40 spatial filter Fv having a slit Sv parallel to the axis of the cylindrical lens CLv and a spatial filter Fh having a 
slit Sh parallel to the axis of the cylindrical lens CLh. 

Descriptions of shift in vertical and horizontal focal points and the operation of the cylindrical lenses and 
the spatial filter are the same as those made with reference to Figs. 25, 29, and 31 . 

In the embodiment described above, in the uneven-surface data detection apparatus in which the 

45 uneven-surface data input section 1 a is illuminated with totally reflected light so as to protect the eyes of an 
operator from a laser beam, since the hologram 31 is arranged at a position away from the optical path of 
the totally reflected light, the totally reflected light will not reach the hologram 31 . As a result, the problem 
of part of the totally reflected light reaching the hologram 31 to result in a poor-contrast image is solved. 

50 Claims 

1. An uneven-surface data detection apparatus, comprising:- 

a transparent plate (1) having a first surface including a contact portion (1a) against which an 
uneven surface (5) having recesses and projections is to be pressed, and a second surface opposite 
55 the first surface; a light source (2, 11) for illuminating said uneven surface (5) at said contact portion 
(1a) through said transparent plate (1); and an optical element (3, 31, ... 35) for guiding the light 
scattered by said uneven surface (5) to a light detector (4); 
characterised in that:- 
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said light source is arranged to illuminate, said contact portion (1a) at an illumination angle smaller 
than a critical angle so as not to totally reflect the light incident on said contact portion from said light 
source (2, 11), whereby part of the light scattered at the projections (9, 41) of said uneven surface (5) 
undergoes total internal reflection at least once at said second surface of said plate (1) so as to 
5 propagate in a direction towards the optical element, whereas due to the existence of a gap between 
the recesses (10, 42) and said contact portion (1a), light scattered at the recesses (10, 42) does not 
undergo such total internal reflection, whereby the two types of scattered light are spatially separated, 
said optical element (3, 31, ... 35) being arranged to guide only light scattered at the projections to the 
detector (4). 

10 

2. An apparatus according to claim 1, wherein said optical element comprises a hologram (3, 31, ... 34). 

3. An apparatus according to claim 1 , wherein said optical element comprises a prism (35). 

75 4. An apparatus according to claim 1, 2 or 3, wherein, in use, said light source (2, 11) illuminates a region 
of said second surface opposite said contact portion (1a), the incident light from the light source being 
substantially along the normal to the second surface. 

5. An apparatus according to claim 1, 2 or 3, wherein, in use, said light source (2, 11) illuminates said 
20 contact portion through said transparent plate (1) at an angle falling within a range of -38° to +33° 

with respect to the first surface of said plate, where the normal to the first surface is 0 * and a direction 
toward said optical element is represented by negative angles. 

6. An apparatus according to any preceding claim, wherein said light source is an LED (11) which is 
25 arranged to illuminate said contact portion by reflection from a Lippmann hologram (14). 

7. An apparatus according to any preceding claim, wherein a dust cover (44) is arranged on at least one 
of the first and second surfaces of said transparent plate (1), being separated therefrom by an air gap. 

30 8. An apparatus according to claim 2 or any of claims 4 to 7 as appended thereto, wherein said optical 
element further comprises a cylindrical lens (CL1) for focusing a virtual image of the uneven surface at 
a horizontal focal point (Fh) and a cylindrical lens (CL2) for focusing a virtual image of the uneven 
surface at a vertical focal point (Fv), said lenses (CL1 , CL2) being arranged in series with said hologram 
(3, 31) and with their axes (C) orthogonal to each other so as to minimise virtual image aberration in 

35 both horizontal and vertical directions. 

9. An apparatus according to claim 8, wherein said hologram (3, 31) is produced by interference of plane 
waves, and a combination of said two cylindrical lenses (CL1, CL2) satisfies a relation:- 

40 dz = ((M1 + 1)2/M1)f1 -((M2 + 1)2/M2)f2 

where f1 and f2 are focal lengths of the respective cylindrical lenses, M1 is lateral magnification, M2 is 
longitudinal magnification, and dz is astigmatic difference. 

45 10. An apparatus according to claim 8 or 9, wherein spatial filters (SF1, SF2) each parallel to the axes (C) 
of said cylindrical lenses (CL1 , CL2) are arranged at focal points of said cylindrical lenses (CL1 , CL2) 
so as to eliminate image blurring. 

11. An apparatus according to any preceding claim, wherein said optical element is constituted by a 
so plurality of holograms (31 ... 34) provided on said transparent plate (1), and said holograms are 

arranged to be separated from said contact portion (1a) at equal distances, so that a plurality of 
identical uneven-surface data are obtained through said holograms. 

12. A personal verification system, comprising an apparatus according to any preceding claim, coupled to 
55 data verification means (61, 62, 63) having a data verification dictionary (62), said system including 

living-body determining means (400) for determining whether the uneven surface (5) to be detected is 
that of a living body, said living-body determining means (400) being coupled to said data verification 
means (61, 62, 63). 
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13. A system according to claim 12, wherein said living-body determining means comprises:- 

first photodetecting means (241) for detecting visible light at a short wavelength of 440 to 580 nm; 
second photodetecting means (242) for detecting light at a wavelength longer than 630 nm; 
reference voltage generating means (243) for generating a reference voltage in response to an 
5 output voltage from said second photodetecting means (242); and 

comparing means (244) for comparing the reference voltage with an output voltage from said first 
photodetecting means (241). 

Paten tan spill che 

10 

1. Gerat zur Detektion von Daten unebener Oberflachen, 

umfassend: 

eine transparente Platte (1) mit einer ersten Oberflache, welche einen Kontaktabschnitt (1a) 
aufweist, gegen welchen eine unebene Oberflache (5) mit Vertiefungen und VorsprOngen gedruckt 

75 werden soil, und einer zweiten Oberflache gegenOber der ersten Oberflache; eine Lichtquelle (2, 11) 
zum Beleuchten der unebenen Oberflache (5) am Kontaktabschnitt (1a) durch die transparente Platte 

(1) hindurch; und ein optisches Element (3, 31, 35) zum FUhren des Lichtes, welches von der 

unebenen Oberflache (5) gestreut wird, zum Lichtdetektor (4); 
dadurch gekennzeichnet, da/3: 

20 die Lichtquelle so angeordnet ist, da£ sie den Kontaktabschnitt (1a) unter einem Beleuchtungswin- 

kel beleuchtet, welcher kleiner ist als ein kritischer Winkel, damit das auf den Kontaktabschnitt von der 
Lichtquelle (2, 11) einfallende Licht nicht total reflektiert wird, wodurch ein Teil des Lichtes, welcher an 
den Vorsprungen (9, 41) der unebenen Oberflache (5) gestreut wird, eine innere Total reflexion 
zumindest einmal an der zweiten Oberflache der Platte (1) durchmacht, damit er sich in eine Richtung 

25 gegen das optische Element fortpflanzt, wogegen auf Grund der Existenz einer LOcke zwischen den 
Vertiefungen (10, 42) und dem Kontaktabschnitt (1a) Licht, welches an den Vertiefungen (10, 42) 
gestreut wird, keine solche innere Totalreflexion durchmacht, wodurch die zwei Arten von gestreutem 
Licht raumlich getrennt sind, wobei das optische Element (3, 31, ... 35) angeordnet ist, urn nur an den 
VorsprOngen gestreutes Licht zum Detektor (4) zu fuhren. 

30 

2. Gerat nach Anspruch 1, in dem das optische Element ein Hologramm (3, 31 ... 34) umfaflt. 

3. Gerat nach Anspruch 1 , in dem das optische Element ein Prisma (35) umfa/3t. 

35 4. Gerat nach Anspruch 1, 2 Oder 3, in dem, bei Verwendung, die Lichtquelle (2, 11) einen Bereich der 
zweiten Oberflache gegenOber dem Kontaktabschnitt (1a) beleuchtet, wobei das von der Lichtquelle 
einfallende Licht im wesentlichen entlang der Normalen auf die zweite Oberflache ist. 

5. Gerat nach Anspruch 1, 2 oder 3, in dem, bei Verwendung, die Lichtquelle (2, 11) den Kontaktabschnitt 
40 durch die transparente Platte (1) hindurch unter einem Winkel beleuchtet, welcher in einen Bereich von 
- 38 ° bis + 33 • hinsichtlich der ersten Oberflache der Platte fallt, wo die Normale auf die erste 
OberflSche 0 * ist und eine Richtung gegen das optische Element durch negative Winkel dargestellt 
wird. 

45 6. Gerat nach irgendeinem der vorhergehenden Ansprtiche, in dem die Lichtquelle eine LED (11) ist, 
welche angeordnet ist, um den Kontaktabschnitt durch Reflexion aus einem Lippmann-Hologramm (14) 
zu beleuchten. 

7. Gerat nach irgendeinem der vorhergehenden AnsprUche, in dem eine Staubabdeckung (44) Uber 
so mindestens einer der ersten und zweiten OberflSche der transparenten Platte (1) angeordnet ist, wobei 

sie von ihr durch einen Luftspalt getrennt ist. 

8. Gerat nach Anspruch 2 oder einem der AnsprUche 4 bis 7 in Verbindung mit Anspruch 2, in dem das 
optische Element ferner eine zylindrische Linse (CL1) zum Fokusieren eines virtuellen Bildes der 

55 unebenen Oberflache an einem horizontalen Brennpunkt (Fh) und eine zylindrische Linse (CL2) zum 
Fokusieren eines virtuellen Bildes der unebenen Oberflache an einem vertikalen Brennpunkt (Fv) 
umfaBt, wobei die Linsen (CL1, CL2) in Serie mit dem Hologramm (3, 31) und mit ihrer Achse (C) 
orthogonal aufeinander angeordnet sind, damit virtuelle Bildaberration sowohl in horizontaler als auch in 
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vertikaler Richtung minimiert wird. 

9. GerSt nach Anspruch 8, in dem das Hologramm (3, 31) durch Interferenz von ebenen Wellen erzeugt 
ist, und eine Kombination der zwei zylindrischen Linsen (CL1 , CL2) eine Beziehung: 

5 

dz = ((M1 + 1) 2 /M1)f1 - ((M2 + 1) 2 /M2)f2 

erfUllt, in der f1 und f2 Brennweiten der jeweiligen zylindrischen Linsen sind, M1 eine laterale 
VergroGerung ist, M2 eine longitudinale Vergroflerung ist, und dz eine astigmatische Differenz ist. 

w 

10. Gerat nach Anspruch 8 oder 9, in dem Raumfilter (SF1 , SF2), jeweils parallel zu den Achsen (C) der 
zylindrischen Linsen (CL1, CL2), an Brennpunkten der zylindrischen Linsen (CL1, CL2) angeordnet 
sind, damit Bildunscharfe eliminiert wird. 

75 11. Gerat nach irgendeinem der vorhergehenden AnsprUche, in dem das optische Element von einer 
Vielzahl von Hologrammen (31, .... 34) gebildet ist, welche auf der transparenten Platte (1) vorgesehen 
sind, und die Hologramme so angeordnet sind, da/3 sie vom Kontaktabschnitt (1a) in gleichen 
Abstanden getrennt sind, so dajS eine Vielzahl von identischen Daten unebener OberflSchen durch die 
Hologramme erhalten werden. 

20 

12. Personenuberpruf system, umfassend ein Gerat nach einem vorhergehenden Anspruch, gekoppelt mit 
Datentiberprufmitteln (61, 62, 63) mit einem DatenOberprOfworterbuch (62), wobei das System 
Lebendkorper-Bestimmungsmittel (400) enthalt, zum Bestimmen, ob die zu detektierende unebene 
Oberflache (5) jene eines lebenden Korpers ist, wobei die Lebendkorper-Bestimmungsmittel (400) mit 
25 den DatenUberprUfmitteln (61 , 62, 63) gekoppelt sind. 

1a System nach Anspruch 12, in dem die Lebendk5rper-Bestimmungsmittel umfassen: 

erste fotodetektierende Mittel (241) zum Detektieren sichtbaren Lichts einer kurzen WellenlSnge 
von 440 bis 580 nm; 

30- zweite fotodetektierende Mittel (242) zum Detektieren von Licht einer Wellenlange langer als 630 

nm; 

Referenzspannungserzeugungsmittel (243) zum Erzeugen einer Referenzspannung, ansprechend 
auf eine Ausgangsspannung aus den zweiten fotodetektierenden Mitteln (242); und 

vergleichende Mittel (244) zum Vergleichen der Referenzspannung mit einer Ausgangsspannung 
35 aus den ersten fotodetektierenden Mitteln (241 ). 

Revendicatfons 

1. Apparei! de detection de donn^es de surface rugueuse, comprenant : 

40 une plaque transparente (1) ayant une premiere surface qui a une partie de contact (la) contre 

laquelle est destined a etre applique* e une surface rugueuse (5) ayant des cavitSs et des sail lies, et une 
seconde surface opposed a la premiere, une source lumineuse (2, 11) destined a 6clairer la surface 
rugueuse (5) dans la partie de contact (1a) a travers la plaque transparente (1), et un element optique 
(3, 31 ,...35) destine* a guider la lumiere diffused par la surface rugueuse (5) vers un detecteur (4) de 

45 lumiere, 

caracteVise* en ce que la source lumineuse est disposed afin qu'elle £claire la partie de contact 
(1a) avec un angle d"£clairement inferieur a Tangle critique de maniere que la lumiere parvenant sur la 
partie de contact a partir de la source lumineuse (2, 11) ne subisse pas une reflexion totale, une partie 
de la lumiere diffused par les saillies (9, 41) de la surface rugueuse (5) subissant une reflexion interne 
so totale au moins une fois au niveau de la seconde surface de la plaque (1) afin qu'elle se propage vers 
I'6l6ment optique, alors que, 6tant donne* Pexistence d'un espace entre les cavites (10, 42) et la partie 
de contact (1a), la lumiere diffused par les cavites (10, 42) ne subit pas une telle reflexion interne totale, 
et les deux types de lumiere diffused sont sSpargs spatialement, lament optique (3, 31 ,...35) 6tant 
dispose* afin qu'il guide la lumiere diffused par les saillies vers le detecteur (4). 

55 

2. Appareil selon la revendication 1, dans lequel I'eM^ment optique comporte un hologramme (3, 31 ,...34). 

3. Appareil selon la revendication 1 , dans lequel r§l£ment optique comporte un prisme (35). 
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4. Appareil selon la revendication 1, 2 ou 3, dans lequel, pendant I'utilisation, la source lumineuse (2, 11) 
eclaire une region de la seconde surface opposed a la partie de contact (1a), la lumiere provenant de la 
source lumineuse etant dirigee pratiquement suivant la normale a la seconde surface. 

5 5. Appareil selon la revendication 1, 2 ou 3, dans lequel, pendant Putilisation, la source lumineuse (2, 11) 
eclaire la partie de contact a travers la plaque transparente (1) suivant un angle compris dans la plage 
allant de - 38° a + 33° par rapport a la premiere surface de la plaque, la normale a la premiere 
surface etant a Tangle 0° et le sens tourne vers reiement optique etant repr^sente* par les angles 
negatifs. 

10 

6. Appareil selon Tune quelconque des revendications pr6c6dentes, dans lequel la source lumineuse est 
une diode photo^missive (11) qui est disposed afin qu'elle eclaire la partie de contact par reflexion par 
un hologramme (14) de Lippmann. 

75 7. Appareil selon Tune quelconque des revendications prec^dentes, dans lequel un couvercle (44) de 
protection contre la poussiere est dispose* sur Tune au moins des premiere et seconde surfaces de la 
plaque transparente (1), en etant se*pare* d'elles par un espace d'air. 

8. Appareil selon la revendication 2 ou Tune quelconque des revendications 4 a 7, qui en dependent, dans 
20 lequel reiement optique comporte en outre une lentille cylindrique (CL1) destined a focaliser une image 

virtuelle de la surface rugueuse en un point focal horizontal (Fh), et une lentille cylindrique (CL2) 
destinee a focaliser une image virtuelle de la surface rugueuse en un point focal vertical (Fv), les 
lentilles (CL1, CL2) etant placees en seVie avec Thologramme (3, 31), leurs axes (C) etant perpendi- 
culaires Tun a Pautre afin que I'aberration des images virtuelles soit minimale en directions horizontale 
25 et verticale a la fois. 

9. Appareil selon la revendication 8, dans lequel I'hologramme (3, 31) est produit par interference d'ondes 
planes, et une combinaison des deux lentilles cylindriques (CL1 , CL2) remplit la condition : 

30 dz = ((M1 + 1)2/M1)f1 - ((M2 + 1)2/M2)f2 

f1 et f2 etant les distances focales des lentilles cylindriques respectives, M1 le grandissement lateral, 
M2 le grandissement longitudinal et dz la difference astigmatique. 

35 10. Appareil selon la revendication 8 ou 9, dans lequel des filtres spatiaux (SF1, SF2) paralleles chacun aux 
axes (C) des lentilles cylindriques (CL1, CL2) sont places aux points focaux des lentilles cylindriques 
(CL1, CL2) afin qu'ils eiiminent le voile des images. 

11. Appareil selon I'une quelconque des revendications pr^c^dentes, dans lequel reiement optique est 
40 constitue' par plusieurs hologrammes (31 ,...34) disposes sur la plaque transparente (1), et les hologram- 

mes sont disposes afin qu'ils soient s6par6s de la partie de contact (1a) par des distances egales, si 
bien que plusieurs donnees identiques de surface rugueuse sont obtenues a I'aide des hologrammes. 

12. Ensemble de verification de personnes, comprenant un appareil selon Tune quelconque des revendica- 
45 tions pre*cgdentes, couple* a un dispositif (61, 62, 63) de verification de donnees ayant un dictionnaire 

(62) de verification de donnees, Tensemble comprenant un dispositif (400) de determination de corps 
vivant destine a determiner si la surface rugueuse (5) a detecter est celle d'un corps vivant, le dispositif 
(400) de determination de corps vivant etant couple au dispositif (61, 62, 63) de verification de 
donnees. 

50 

13. Ensemble selon la revendication 12, dans lequel le dispositif de determination de corps vivant 
comporte : 

un premier dispositif (241) de photodetection destine a detecter la lumiere visible a de courtes 
longueurs d'onde de 440 a 580 nm, 
55 un second dispositif (242) de photodetection destine a detecter la lumiere a une longueur d'onde 

superieure a 630 nm, 

un dispositif (243) generateur d'une tension de reference en fonction d'une tension de sortie du 
second dispositif photodetecteur (242), et 
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un dispositif (244) de comparaison de la tension de r6fe>ence a une tension de sortie du premier 
dispositif photodgtecteur (241). 



10 



15 



20 



25 



30 



35 



40 



45 



50 



20 




22 



EPO 194 783 B1 



Fig. 5 



5 




L r^ ' 1 ' 1 1 • lj i_ 

-40 -30 -20 -10 O 10 30 30 40 



ILLUMINATION ANGLE (Oeg. ) 



23 





EPO 194 783 B1 



Fig. 7 




Fig. 8 




20 30 40 50 60 70 80 90 
LIGHT PATH LENGTH (mm) 



24 



EPO 194 783 B1 



Fig. 9 




Fig. 10 




25 



EP 0 194 783 B1 



Fig. 1 1 




14 \ 31 

o 

Fig. 13(a) Fig. 13(b) 




26 



EP 0 194 783 B1 



Fig. 1 4 




Fig. 15 




EP 0 194 783 B1 



Fig. 1 6 



40 



24 23 

=UL= 



6. 



31 



Fig. 1 7 



41 42 40 









23 24 

—Mi 




\ 
\ 
\ 
\ 

' \ 
\ 

— V 






\ 
\ 





28 



EP 0 194 783 B1 



Fig. 18 



40 

tea 



23 



6- 



4- 



31 



Fig. 19 




29 



EPO 194 783 B1 



Fig, 20 (a) Fig. 20(b) 




O 



40 



PRESSED STATE 




RELEASED STATE 



4O0 500 



600 700 800 
WAVE LENGTH (nm ) 



900 



30 





EP 0 194 783 B1 




CM 



,2 



LU 
O 



ro 



52 co 
cr 

2 



2 

5 




CM 



CVJ 



h- 

UJO 

^x£<o 
h-i-uz 

OZh LD 

«3s r 



CO 

CD O 
o <<-> 

SB 



31 



EP 0 194 783 B1 



Fig. 23 



61 




Fig. 24 




JUDGE 
SIGNAL 



32 



EP 0 194 783 B1 




33 



EP 0 194 783 B1 



Fig. 26(b) Fig. 26(a) 




31 



Fig. 27 



Fh 




34 



EP 0 194 783 B1 

Fig. 28 



Fh 




35 



EPO 194 783 B1 




36 



EPO 194 783 B1 





37 



EPO 194 783 B1 



# 




38 




39 



EP 0 194 783 B1 

Fig. 35(a) 



31 3s 




Fig. 35(b) 




40 



EP0 194 783 B1 



Fig. 36 




I 
I 

Fig. 3 7 




621 



41 



EP 0 194 783 B1 



Fig. 38 (a) 



a a' 



b b' 




86 87 

Fig. 38(b) 

1 j r 




F/g. 39 



61 

_S_ 



FINGER PRINT 
SENSOR 



DATA 
IDENTIFICATION 
LEXICON 



63 



DATA 
IDENTIFICATION 
MEANS 



42 



